17 O value of −0.75❤. For the first time we pair triple oxygen with multiple sulfur isotopic data as a tool to identify the key processes that controlled the post-Marinoan sulfur cycle. We argue using a dynamic 1-box model that the observed isotopic trends both in northwest Canada and South China can be explained through the interplay between sulfide weathering, microbial sulfur cycling and pyrite burial. An important outcome of this study is a new constraint placed on the size of the post-Marinoan sulfate reservoir (≈0.1% modern), with a maximum concentration of less than 10% modern. Through conservative estimates of sulfate fluxes from sulfide weathering and under a small initial sulfate reservoir, we suggest that observed isotopic trends are the product of a dynamic sulfur cycle that saw both the addition and removal of the 17 O anomaly over four to five turnovers of the post-Marinoan marine sulfate reservoir.
Introduction
The dramatic climate transition observed at the boundary between the Cryogenian and Ediacaran periods (635 Ma) is well documented but poorly understood. The Snowball Earth Hypothesis postulates that during this transition, Earth's oceans were frozen in a runaway ice-albedo feedback that was finally disrupted by the gradual, syn-glacial build-up of volcanogenic greenhouse gases (primarily CO 2 ) in Earth's atmosphere (Hoffman et al., 1998) . The Snowball Earth event at the end of the Cryogenian period (the 635 Ma Marinoan glaciation) is marked by "cap carbonate" deposits and, in several regions of the world, thin intervals of barite (BaSO 4 ) Macdonald et al., 2013) . The recent discovery of large deficits in 17 O-16 O ratios, relative to those expected from the 18 O- 16 O ratios in Snowball-associated barites, either biospheric productivity (Sansjofre et al., 2011) , atmospheric CO 2 levels (Bao et al., 2008) , or possibly both (Cao and Bao, 2013; Wing, 2013) . Transfer of the atmospheric isotope signal to marine sulfate starts with oxidative weathering of sulfide minerals, producing aqueous sulfate with up to 25% of its oxygen from tropospheric O 2 (Balci et al., 2007; Bao et al., 2008; Kohl and Bao, 2011) . Rivers transport this sulfate to the oceans where it, and the isotopic anomaly it carries, is diluted into the standing stock of marine sulfate. Sulfate also fuels microbial sulfur cycling (MSC) in marine environments. The sulfide produced along the reductive branch of MSC can be re-oxidized to sulfate (Jørgensen, 1990) , leading to a flux of isotopically normal ( 17 O = 0) sulfate back into the marine pool (Peng et al., 2011) . This same set of processes (sulfide weathering and MSC) carry sulfur isotope consequences for the marine sulfate reservoir, mediated by the fraction of sulfur that leaves the marine environment through pyrite burial. The sulfide produced from sulfate reduction will be enriched in 32 S, leaving a sulfate counterpart that is enriched in 34 S. As preserved in the sedimentary record, sulfur isotopic differences between sulfates and sulfides are related to both oceanic sulfate concentrations (Gomes and Hurtgen, 2015; Bradley et al., 2016) and organic carbon availability, as manifest through sulfate reduction rates in marine sediments (Leavitt et al., 2013) . Re-oxidative sulfur cycling can amplify this isotopic difference between reduced and oxidized forms of sulfur (Canfield and Thamdrup, 1994) but it also produces characteristic 33 S-32 S fractionations that enable it to be distinguished from MSC's reductive branch (Johnston et al., 2005; Pellerin et al., 2015a; Wu et al., 2010) . Coupled oxygen and sulfur isotope measurements from post-Marinoan barite, therefore, are a potentially powerful tool to resolve not only atmospheric compositions, but also the dominant metabolic contributions and critical fluxes into and out of the marine reservoir during this unique time in Earth history. Although considerable attention has been given to the dynamics of the sulfur cycle across the Cryogenian-Ediacaran transition, many outstanding questions remain. For example, the initial size of the marine sulfate reservoir at the end of the Marinoan glacial episode, and the rapidity of its growth to typical Phanerozoic levels is still unknown. Sulfur isotope fractionations between sulfate and sulfide in different post-Marinoan sedimentary packages have been used to argue for an initial sulfate reservoir of late Archean proportions that grew to Phanerozoic levels over ≈30 million years (Halverson and Hurtgen, 2007) . Alternatively, large depletions in 34 S in sulfides from black shales have been interpreted to reflect a more immediate oxidative response, with the growth of a sizable sulfate reservoir occurring at a rate that was more than an order of magnitude more rapid (Sahoo et al., 2012) . The microbial dynamics of the sulfur cycle over this interval are also uncertain, with the suggestion of a broad interval of enhanced re-oxidative sulfur cycling preceding the Marinoan glacial interval (Canfield and Teske, 1996) as well as a vigorous oxidative component of MSC drawing down marine sulfate levels in the earliest Ediacaran (Peng et al., 2011) . Given the complicated relationship between atmospheric oxygen, marine sulfate levels, and the intensity of microbial sulfur re-oxidation, these conflicting results make it difficult to reconstruct the nature of the ocean -atmosphere system in the aftermath of the Marinoan glaciation.
In this study we provide new data and interpretation of the post-Marinoan sulfur cycle through the isotopic record within barite fans from the Mackenzie Mountains in northwest Canada (Fig. 1) . This dataset includes the first paired triple oxygen and multiple sulfur isotope measurements from a Marinoan-aged barite. These data are interpreted within a time-dependent model of post-glacial sulfate cycling to explain observed isotopic trends and the environmental conditions accompanying barite deposition. By extending the record of the 17 O anomaly in barite to another paleo-continent, we link these isotopic shifts to the global operation of the post-Marinoan sulfur cycle. Through this approach we make new estimates for the size of the post-Marinoan sulfate reservoir and the impact of re-oxidative sulfur cycling. These results provide model-dependent estimates for the time interval captured by both barite units and underlying cap carbonates.
Materials and methods

Sample description
Two predominant morphologies of macroscopic barite occur in Marinoan cap dolostones worldwide. The first type is diagenetic, forming void filling crustose cements (Shields et al., 2007) and tepee-like breccias interpreted as subaqueous (Jiang et al., 2006) or vadose (Zhou et al., 2010) in origin. The second type -seafloor barite fans -are primary and abiogenic. These barite fans grew directly into the water column, and they are preserved within an iron and manganese-rich dolomicrite matrix. Seafloor barite structures are found above or within cap dolostone units commonly below buildups of aragonite fans .
Seafloor barite is the primary barite morphology observed in the Ravensthroat Formation cap dolostone in the southern and central portions of the Mackenzie Mountains in the northern Canadian Cordillera Macdonald et al., 2013) (Fig. 1) . The geological and chemostratigraphic succession in the Mackenzie Mountains is similar to other cap carbonate successions elsewhere, representing a transgressive sequence with large negative shifts in carbon isotope ratios occurring at the top of the cap dolostone unit .
Barite layers in the Ravensthroat Formation immediately overlying the cap dolostone, are typically 4-10 cm thick, and consist of bladed crystals and upward-fanning rosettes (Fig. 1c) . The upwardoriented growth habit, sediment drape that thins over crystal terminations, and presence of crystal fragments as detrital material within the sediment matrix indicate the barite was deposited at the sediment-water interface. Importantly, there are three distinct generations of barite that were sequentially deposited at the top of the Ravensthroat Formation (Fig. 1) . The first generation structures (Type B1) are 1-2 cm in height and consist of fine fans of barite blades originating from common nucleation centers and draped with laminated peloidal Fe-rich dolomite sediment (Arnaud et al., 2011) (Fig. 1c) . The B1 structures are covered by larger (2-3 cm) internally laminated fans and rosettes (Type B2) interspersed within the dolomite matrix. The uppermost barite structures (Type B3) are even larger (3-4 cm) and consist of fans that have coalesced into digitate groups with more widely spaced internal laminations. These latest formed barites are inclusion rich, and have thin rinds of inclusion-free barite separated by Fe-rich sediment infill (Fig. 1c) . The preservation of these delicate textures, together with systematic isotopic trends identified here, suggest that barites from northwest Canada have not been affected by any post-depositional geochemical modification. The occurrence of equivalent units on four other paleo-continents (Kennedy, 1996; Bao et al., 2008; suggests global similarity of depositional processes and timing among the Marinoan seafloor barite units.
Oxygen isotope measurements
Triple oxygen isotope measurements followed the methods detailed by Bao et al. (2008) . Barite powders were dissolved and re-precipitated as pure barite via a modified DTPA (diethylenetriaminepentaacetic acid) procedure to remove any potential contamination from non-sulfate bearing minerals (Bao, 2006) . This involved first dissolving the samples in a 0.05 M DTPA, 0.1 M NaOH solution over 12 h in a sample shaker. Samples were subsequently acidified with 6 M HCl in a water bath at 80 • C to drive off any CO 2 , thereby preventing the formation of witherite during the reprecipitation of barite (Bao and Thiemens, 2000) . Pyrite oxidation was not a large concern in contamination of samples since pyrite abundance was determined through high-resolution micrographs, and determined to be a maximum concentration of 0.5% within the micrite phase. Samples were then loaded onto a stainless steel stage and placed under a BrF 5 atmosphere for 12 h to react with any trace water in the samples. Oxygen gas was generated with a CO 2 -laser fluorination system on approximately 10 mg of sample powder. Typical yields of O 2(g) were between 25-35% on the barite sample powder, resulting in approximately 25 µmol of O 2(g) for analysis. Triple oxygen isotope compositions of O 2 derived from barite were measured on a Thermo MAT 253 in dual-inlet mode in the OASIC laboratory at Louisiana State University, and are expressed as:
where 
where
Sulfur isotope measurements
Multiple sulfur isotope measurements (δ 34 S, 33 S, 36 S values) were performed by reacting powdered barite samples first in a boiling Cr-reducing solution (Canfield et al., 1986) , which liberated minor H 2 S from trace sulfides in the barite. Modal analysis showed that these sulfides always formed less than 0.3 mol% of the sulfur in a given sample. The resulting powders were then rinsed repeatedly with Milli-Q H 2 O and dried over night. To measure the isotopic composition of the sulfates approximately 10 mg of the dried powder was then reacted with 15 mL of Thode reduction solution at 100 • C (Thode et al., 1961) , which converts sulfate to H 2 S. Hydrogen sulfide gas was carried through a N 2 gas stream and was bubbled through a Zn acetate solution where it was converted to ZnS. Samples were then precipitated as Ag 2 S after reaction with 0.2 M AgNO 3 . Dried Ag 2 S samples were reacted with F 2(g) in nickel bombs at 250 • C, to generate pure SF 6(g) . The isotopic composition of SF 6(g) was first purified via gas chromatography and analyzed on a Thermo MAT-253 in dual inlet mode in the Stable Isotope Laboratory at McGill University. Results were normalized to repeated measurements of international reference material IAEA-S-1, with a defined δ 34 S value of −0.3❤ on the Vienna Canyon Diablo Troilite (V-CDT) scale. We took the δ 33 S value of IAEA-S-1 to be −0.061❤ V-CDT. Sulfur isotope compositions are expressed as:
where i R = i S/ 32 S and i is 33, 34, or 36, and
where i is 33 or 36. We calculated 33 S and 36 S values through reference mass dependent exponents, of 33 λ = 0.515, and 36 λ = 1.9, representative of equilibrium sulfur isotope exchange at high temperatures. Uncertainty (1σ ) on the entire analytical procedure is estimated to be better than 0.1❤ for δ 34 S, 0.01❤ for 33 S and 0.2❤ for 36 S.
Results
The sequential nature of three barite textures allows geochemical signatures to be placed in relative chronological order. Values of 17 
Discussion
Existing interpretations of the isotopic evolution of post-Marinoan seafloor barite
There are three published models for the sulfur and/or oxygen isotope evolution of post-Marinoan barites. One conceptual model for barite deposition called on the upwelling of anoxic bariumand sulfide-rich but sulfate-poor deep waters into an oxygenated surface ocean (Hurtgen et al., 2006) . Upon mixing of these two water masses, aqueous sulfide would have been oxidized, providing a 34 S-depleted source of sulfate and driving barite supersaturation (Hurtgen et al., 2006 17 O, suggesting that an alternative process is required for the barites reported here (Table 1 ) and elsewhere (Bao et al., 2008; Peng et al., 2011) . A second conceptual model associates the formation of Marinoan-age void-filling barite cements and crusts with the deposition of barite in methane-rich cold seeps on the modern day seafloor (Shields et al., 2007) . Modern cold-seep barite is spatially localized with a wide range of δ 34 S values that do not follow a coherent stratigraphic order (Torres et al., 2003) . In contrast, the Ravensthroat barite layer has a broad spatial distribution, and exhibits a monotonic stratigraphic variation of δ 34 S values ( (Shields et al., 2007; Antler et al., 2015) . These observations suggest that an actualistic interpretation based on modern cold seep barites is not appropriate for the barites studied here.
Finally, a third coupled 17 O and δ 34 S record in Marinoan barite from South China has been quantitatively reproduced in a model of the sulfur cycle after a Snowball Earth (Peng et al., 2011) . This model starts with a standing pool of isotopically anomalous sulfate in the post-glacial ocean. It requires intense microbial sulfate reduction (MSR) to drive sulfate δ 34 S to more positive values, and nearly equally intense re-oxidation of the sulfide to reset sulfate 17 O toward a value of 0❤ (Peng et al., 2011) . Importantly the model can only generate a positive covariation between δ 34 S and 17 O if no sulfate is supplied to the ocean through oxidative weathering of continental rocks or sediments. Consumption of a "closed" sulfate reservoir by net sulfate reduction leads to continually increasing δ 34 S values through a continual decline of the total amount of sulfate in the post-Marinoan ocean in this model (Peng et al., 2011) . This characteristic contrasts with evidence for growth of the marine sulfate reservoir during the Ediacaran period (Halverson and Hurtgen, 2007; Sahoo et al., 2012) . In addition, the model's suggestion of an apparent oxidative inversion, where modern levels of sulfide re-oxidation in the ocean are sustained in the face of limited oxidative weathering of continental sulfide minerals, runs counter to evidence for the immediate resumption of oxygenic primary productivity in the post-glacial photic zone in a post-Marinoan ocean that was anoxic overall . It is further difficult to envision how the oxidizing capacity in the ocean is kept separate from the troposphere. These challenges led us to develop a new quantitative interpretation of the unique isotopic trends preserved in post-Marinoan seafloor barites.
Isotopic evolution of the post-Marinoan sulfur cycle
The variability in δ 34 S observed within global cap carbonate sequences requires either a diminished global sulfate reservoir, or local processes that act simultaneously on nearly every paleo-continent producing isotopic trends of the same magnitude and direction (Hurtgen et al., 2006) . The oxygen and sulfur isotopic signatures preserved within the Ravensthroat barite are similar to those in post-Marinoan barite preserved on other paleocontinents as well as isotopic signatures preserved within cap carbonates in Australia (Shields et al., 2007; Bao et al., 2008 Bao et al., , 2012 Peng et al., 2011) . As a result, this consistency points toward a common solution, and one that operates on a global-scale. We assert that the basic processes of the marine sulfur cycle (MSR, pyrite burial, and sulfate input from continental weathering) are able to reproduce the collective isotopic observations when operating under realistic conditions for the post-Marinoan oceans. First, the anomalous oxygen isotope composition in the barites resulted from the specific atmospheric and biospheric state that evolved during the Marinoan glaciation (Bao et al., 2008) , and was carried to the ocean via the oxidative weathering of continental sulfides (Bao et al., 2009 ). Enhanced oxidative weathering was likely behind the inferred increase in the size of the marine sulfate reservoir as the Ediacaran period progressed, requiring the flux of sulfate from the continents outpace sulfate removal through pyrite burial (Halverson and Hurtgen, 2007; Sahoo et al., 2012) . In order to test this scenario, we constructed a dynamic 1-box model of the marine sulfur cycle (cf. Halverson and Hurtgen, 2007) . The model is described in Equations (5)- (7), where all calculations were performed using delta notation, and key model inputs and outputs are conceptually summarized in Fig. 3 and detailed in Table 2 .
The initial isotopic composition of the marine sulfate reservoir is set at 17 O S0 = −0.1❤ (Bao et al., 2012 ) and δ 34 S S0 = +15❤ (Halverson and Hurtgen, 2007 is not considered directly in this model (Figs. 3a, 3b) , although the (Bao et al., 2009; Halverson and Hurtgen, 2007; Figs. 3c, 3d) . The assumption of a constant isotopic composition for weathering-derived sulfate is a simplification, and the isotopic composition of atmospheric O 2 is likely to be globally homogeneous on the timescales considered here. However strict transfer of this isotopic homogeneity to sulfate derived from oxidation of terrestrial sulfides is unlikely. 17 O w = −0.1❤ is taken as a step function in the model (Fig. 3c) . Although the transition from a high pCO 2 syn-glacial atmosphere with limited primary production to a more characteristic Ediacaran environment with lower pCO 2 values and renewed primary production is unlikely to be instantaneous, it appears to be rapid (Sansjofre et al., 2011; Bao et al., 2012; Killingsworth et al., 2013; Kunzmann et al., 2013) . The forcing used here captures the first-order isotopic consequences of this transition without adding unconstrained temporal complexity. The progression of marine sulfate isotope compositions toward steady-state values of 17 O s = −0.1❤ tracks dilution with isotopically normal riverine sulfate (Fig. 3c) , while the δ 34 S value approaching 45❤ reflects fractionation associated with sulfate removal through MSR, modified by the relative fraction of pyrite burial compared to weathering (Fig. 3d) . These isotopic endpoints are fixed by our measurements from northwest Canada (Table 1) , which are corroborated by previous studies in South China and Mauritania (Bao et al., 2008; Peng et al., 2011; Killingsworth et al., 2013) . The evolution of the model is set by the passage of sulfate turnover times (τ = M s0 /F w ; the ratio of the initial mass of marine sulfate to the influx of sulfate from continental weathering).
In Fig. 4 we present a sensitivity analysis of the model to changing parameters ( 34 ε, f py ). The reference model used 34 ε = −42❤ and f py = 0.95 to reproduce the 17 O and δ 34 S evolution of the B1-B3 barite layers (Fig. 4) . Although the reference 34 ε value is near the upper limit of measured δ 34 S differences between pyrite and carbonate associated sulfate in Marinoan cap dolostones (Hurtgen et al., 2005 (Hurtgen et al., , 2006 , it is within the range of theoretical predictions (Wing and Halevy, 2014) and experimental determinations (Sim et al., 2011; Leavitt et al., 2013; Bradley et al., 2016) (Fig. 4d, 4f) . A decreasing sulfate reservoir size with time was investigated by increasing f py to 1.05, thereby requiring consumption of the standing pool of sulfate. Increasing f py above 1 did not result in compatible solutions with 34 ε set at −42❤ or −47❤ (Figs. 4b, 4c ), but was compatible with 34 ε = −37❤. Decreasing f py to 0.85 resulted in a model fit with less compatibility as 34 ε values increased (Figs. 4g, 4h) . Thus, there is a narrow range of parameters that can be used in this model to reproduce the isotopic measurements in the Ravensthroat formation, resulting in a narrow set of non-unique solutions that are consistent with current understanding of MSC. Our model suggests that f py needs to be close to, but not greater than 1 and 34 ε
values are approximately −40❤, which is typical for 34 ε values in marine sediments (Leavitt et al., 2013) . These results highlight three important features of the postMarinoan marine sulfur cycle. First, the marine sulfate reservoir was predisposed to isotopic modification in the immediate aftermath of the Marinoan glaciation. Second, these isotopic changes occurred over approximately four to five turnover times of the marine sulfate reservoir (τ = 4-5). Third, since the deposition of the cap dolostones occurred prior to the barite layers, the duration of the initial 17 O depleted weathering pulse suggests that the cap dolostones were deposited in less than one turnover time of the marine sulfate reservoir (τ = 0.3). 
33 S-δ 34 S patterns in post-Marinoan seafloor barite
In contrast to previous models of the post-Marinoan sulfur cycle (Peng et al., 2011) , the reference presented here explains the data set without contributions from sulfide re-oxidation. Measured multiple sulfur isotope values provide an independent test of this prediction (Fig. 2b) (Scott et al., 2014) , the 33 S-δ 34 S trajectory from the Ravensthroat barite is inconsistent with 33 λ values associated with re-oxidative sulfur cycling via microbial disproportionation of elemental sulfur or sulfite ( Fig. 2b; 33 λ = 0.515-0.520; Johnston et al., 2005; Pellerin et al., 2015a) , but falls along the lower limit of predictions based on laboratory and theoretical studies of 33 λ values generated by MSR only ( Fig. 2b ; 33 λ = 0.505-0.515) (Farquhar et al., 2003; Johnston et al., 2005; Wu et al., 2010; Leavitt et al., 2013; Wing and Halevy, 2014; Pellerin et al., 2015b (Antler et al., 2013 (Antler et al., , 2015 . In general, the additional isotopic evidence presented here is further support for a post-Marinoan global marine sulfate reservoir that is driven by post-glacial resumption of continental weathering, MSR, and pyrite burial.
Sulfate source to post-Marinoan seafloor barite
In Fig. 5 , we plot the results of the reference model of marine sulfate evolution in δ 34 S and 17 O space, overlain by the Ravensthroat barite data. The ability of the model to reproduce the measured patterns implies that the sulfate source to the seafloor barite in northwest Canada could be a global seawater reservoir. As a consequence, the modeled seawater sulfate values could plausibly be compositional end-members during barite deposition on other paleo-continents.
Previously published δ 34 S and 17 O values from well preserved barites with little to no diagenetic overprinting from South China (Fig. 5; Peng et al., 2011) scatter away from modeled oceanic values and toward higher 17 O and lower δ 34 S, thus requiring a second source of sulfate. One possible explanation is that the South China succession may represent a system with a stronger riverine (Peng et al., 2011) . Mixing between the evolving marine sulfate reservoir (model) and postglacial riverine sulfate creates a mixing surface by which contributions from each end-member can be determined for the South China data set. Marine sulfate isotopic composition evolves from an initial composition (1) influence than that of northwest Canada. This is evidenced through barite deposition occurring over a larger stratigraphic interval in South China in shallower carbonate facies that would plausibly have faster accumulation rates than the northwest Canada samples (Peng et al., 2011 China, creating a spectrum of compositions between these endmembers (Fig. 5 ). This mixing relationship suggests that the South China barite layers record up to 50% dilution of marine sulfate via sulfate supplied by rivers. Together with our model solution, this interpretation of the South China dataset provides a globally consistent framework for the isotopic evolution of these and other post-Marinoan barite deposits.
Calibrating the size of the post-Marinoan sulfate reservoir
The reference model constrains the residence time of marine sulfate during the immediate aftermath of the Marinoan glaciation, if the timeframes of cap dolostone and barite accumulation can be estimated. There is only a single estimate of the time interval represented by post-Marinoan seafloor barite horizons: 2.1 ± 7.8 × 5 yr (paleomagnetic reversal frequencies; Trindade et al., 2003) , to ≈10 6 yr (Ca and Mg isotope modeling; Kasemann et al., 2014) . If the duration of barite accumulation was 2 ×10 5 yr (Killingsworth et al., 2013) , then the modeling presented here suggests that 17 O ingrowth into the marine sulfate reservoir and, by inference, the deposition of the cap dolostone occurred on the order of ≈10 4 yr. This timescale is consistent with a recent estimate of the lifetime of a post-glacial meltwater plume in the post-Marinoan ocean (Liu et al., 2014) . Under this timescale, the (Fig. 4) .
We suggest a modern weathering flux is a plausible estimate of post-glacial sulfate supply to the marine reservoir. Given the absence of mass-independent sulfur isotope fractionation in the barites, it is unlikely pO 2 levels dropped to sufficiently low values during the glaciation to hinder pyrite oxidation (Reinhard et al., 2013) , while a vigorous post-glacial hydrologic cycle (Kasemann et al., 2014) would likely outpace modern riverine input. With a modern flux of sulfate from continental weathering, a residence time of ≈10 4 yr implies a small marine sulfate reservoir at the end of the Marinoan glacial interval ( Fig. 6 ; ≈0.1% of modern marine sulfate). For a barite accumulation interval of 10 6 yr (the maximum allowed by chronologic uncertainties; Killingsworth et al., 2013) and a larger sulfate supply from enhanced post-Marinoan continental weathering (10× modern; Kasemann et al., 2014) , an upper limit to the post-Marinoan sulfate pool approaching 10% modern is implied (Fig. 6) . These values bracket published estimates of marine sulfate concentrations at the start of the Ediacaran period (1% of modern; Halverson and Hurtgen, 2007) . Low but increasing sulfate concentrations appear to have been maintained throughout the deposition of the seafloor barite, as the coupled oxygen and sulfur isotope variations require that much, but not all, of the sulfate coming into the post-Marinoan ocean was reduced to sulfide and sequestered as pyrite.
Conclusions
In this study we have extended the previously reported 17 O anomalies in post-Marinoan marine barite precipitates to a new paleo-continent, highlighting the global nature of this geochemical horizon. By pairing these results with coeval multiple sulfur isotope analyses we provide new insights into the post-Marinoan sulfur cycle and climate. First we demonstrate the dynamic nature of the sulfur cycle, where the 17 O anomaly can be imparted and subsequently eliminated in four to five turnovers of the marine sulfate reservoir. Second, our results suggest that this can be achieved through oxidative weathering coupled to microbial sulfate reduction and pyrite burial, without much contribution from re-oxidative fluxes. Further, and a target for subsequent work, is the implication that the post-Marinoan atmosphere (here involving CO 2 , O 2 and gross primary production) was evolving in a fashion whereby the magnitude of the tropospheric 17 O anomaly in O 2 crashed as the ocean-atmosphere recovered following the glaciation. Third, we show that the initial post-Marinoan sulfate reservoir was smaller than at other times in the Ediacaran, possibly 0.1% modern with an upper limit of 10% modern. Finally our results appear to be most consistent with recent timing estimates of cap carbonate deposition on the order of ∼10 4 yr, reminiscent of timescales that have come to characterize typical glacialinterglacial cycles. Together these findings highlight that the postMarinoan sulfur cycle was not different from the modern with respect to important processes, however, it was likely unfamiliar with respect to magnitudes of sources and sinks.
